Export Credit Insurance and Moral Hazard by Funatsu Hideki & 船津 秀樹
ExportCreditInsuranceand
MoralHazard*
HidekiFuhatsu
1. Introduction
Theauthor[Funatsu(1985)]recen七lystudiedthefundamentalroleof
exportcreditinsuranceinatheore七icalframeworkwhichwasbasedonth6
expec七edutilitymaximizationapproach.'Amongotherthings,thepaper
-
showedthatexportcrediti箕suranceisausefuldevicetoprotectdomestic
exかortingfirmsagainstvariouspoliticalrisksanddefaultriskinthe
foreignmarket;underacertaintypeo£thereimbursementme七hod,export
creditinsurancecanmakeもheexportingfirm'sproductiondecisioninde-
,pendentofthe.riskandtheattitudetowardrisk.However,al1ψeresults
werederivedundertheassumptionthattheprob的ilitydistribution
functionofθxportcreditriskwouldnotbθaffectedbythebehaviorofthe
firmorthepresenceofexportcreditinsurance.Thepurp6seof七hispaper
,istomodifytheanalysisbyassumingthatthe畑obabilitydistributionof
thθ10ssofrevenuescanbθaffect6dbycertainself-protectiveactiv丘t重eson
thepar七 〇fthefirrn.S亡chactivities,fo重θxample,rnaymakeitposs‡ble
forthefirmtoidentifyimporterswithalowerriskofdefault.Whenwe
incorpora,te七hisfeatureintothemodel,weareessentiallydealingwiththe
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so-called"moralhazard"problem.
Theproblemofmoralhazardhaslongbeenrecognizedintheliterature
ofinsurance.AccordingtoDionne(1981),thereexisttwo,typesofmoral
hazardintheeconoη ロicliteratureon'insurance.Thefirsttypeis,defined
asthereductionofself-pro七ectionbytheinsuredduetothedifficultyon
thepartoftheinsurerinobservingthistypeofactivity,andinusingthis
informationfor七heselectionofanappropriatepremium.Sincethe
insurancepremiumdoesnotvarywiththeefforttopreventloss,the
insuredhaslessincentivetoundertakeprevθntiveactivities.Thestudies
ofEhrlichandBecker(1972),Pauly(1974),HelpmanandLaffont'(1975),
Marshall(1976),andShavell(1979)belongtothistype.Thesecoρdtype
ofrロoralhazardisdefinedastheincreaseinthecohsurnptionofinsured
services・duetoadecreaseinthepricepaidbytheinsuredfortheseservices.
Theinsuredissubsidized・bytheinsurancecoverageandcontinuestospend
forth6servicesafterthemarginalbenefitfallsbelowmarginalcost.In,
thatcase,七heinsurercanobserサetheamoun七 〇floss,butcannotverify,
inacostlessfashion,thestateoftheworldthathascreatedthisexpense.
.ThisinterpretationofmoralhazardwasfirstproposedbyPauly(1968)in
acommentonapaperbyArrow(1963). ,
Theanalysisinthispaperismorecloselyrela七ed.tothefifsttypeof
moralhazard.Introducingself-protectionbehaviorbyexportingfirms
intothemodel,thepresentpaperstudiesitseffectonthedemandfor
exportcreditinsurance.Acarefulattentionispaidtotheeffectsof
changesinvariousparametersontheoptimallevelofself-protectionand
thedemandforinsurance.EhrlichandBeckershowedもhat,contraryto
themoralhazardargument,marketinsuranceandself-protectioncould
becomplementsnotonlyinthesensethattheavailabilityoftheforlner
couldincreasethedemandforthelatter,butalsointhesensethatan
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increasβintheproductivityofself-protectionoradecreasein七herealcos七
〇fmarketinsuranqewouldincreasethedemandforbo七h.Weinvestigate
宙hethertheirassertionholdsinourmodelornot.
Fromthepointofviewofapolicymaker,theproblelnofmoralhazard
isimportant.Ifthepresenceofexportcreditinsuranceseverelydis-
couragesthefirmfromspendihgonself-protection,theexpectedinsuranceダ
paymentmayexceedthepremiumrevenue.Ifthedeficitispaidfromthe
governmentbudget,thegoveゴnmentexplicitlysubsidizes七heexporting
firms.
Thi・p・peri・ ・rg・玲i・ed・ ・f・ll・w・ ・Secti・ ・2presen七 ・.th・b・ ・i・mrd・l
andassumptions;Section3examinestheboundaryconditionsforself-
protectionandthedemandforexportcreditinsurance;Sec七ion4studies
theseparationpropertyandcomparativestaticswithrespecttovarious
parametersinthemode1;andfinally,asummaryispresentedinSeqtion5.
2.TheModelandAssumption6
Whenself-protectingbehaviorisexplicitlyintroducedintothemode1,
theanalysisbecomes』considerablymo士ecomplex.Inordertomakethe'
analysistractableandtoderivemeaningfulcQnclusions,七hispapermust
makeseveral、simplifyingassumptions.First,the.firniisassumedto
exportallitsproducttoaforelgnmarketaswasthecaseinFunatsu
(1985).Inthiswaythenumberofendogenousvariablesi6reducedandit
willbeeasiertoinvestigatetheeffegtofself-protectingbehavioronthe
levelofexportand七hedemandforinsurance.SecQnd,itisassumedthat・
durillganyspecifiedtimein七erva1,totalsaleswilleitherbecomple七ely
lostwithprobabilityγ,orthefirmwillsuffernolossatallwithproba-
b且ity1-7.InbtherWords,itis昂ssumedthatonlytwostatesofthe
worldarepossible.Thiskindofsimplifyingassumptionhasbeenmadein
脚 %θ 五海0ηo而cRθ ひεeω
previousstudiesof血oralhazard[EhlichandBecker,andShavellコ.The
probabilityofloss7isassumedtobeadecreasingfunctionofself-
protectlngactlvlty.・ 、
Inourmodel,theriskisdividedintotwotypes;exogenousand
endogenousrisk.Ex耳mplesoftheformertypearepoliticalriskssuchas
war,coupd'etat,andimportrpstrictions,whichareusuallybeyondthe
colltrolofaprivatecompany.Ontheotherhand,certainriskscanbe ,
reducedbytheexportingf三r士n'seffort.Theriskofdefaultbyanimporter
isagoodexample.Thefirmcanminimizesuchariskbyengagingin戸
marketresearchandinformationgathering.Letωdenotetheamountof
suchself-protectingactivity.Nowwritetheprobabilityoftotallossγin
twotermsasfo110ws:
γ=φ(ω)+λ,・(1)
whereφisendogenousri6kandλisexogenousrisk.Furtherassumethat.
thefunctionφispositivelyvalued,decreasing,convex,andboundedby
1一 λ,七katis,
φ(ω)>0,φo<0,φ">0,andφ(ω)く1一 λ.(2)
Theinsurancearrangemen七inthismodelisrelativelysimple.The
exportingfirmcanchoosetheamountofcoverage,ッ,whichshouldnot
exceedthevalueoftotalsales,加.Incaseoftotalloss,thefirmreceives
thea即ountof夕fromtheinsurance・ageney.Inordertqreceivethis
insuranceservice,thefirmmustpayapremiumpaymentofgッ,whereσis
thepremiumrateperdoUaroξcoverage.
Let∫andbdenotevariableandfixedcostsofproducingoheunitof
output,respectively.Then,therandomlprofitfunctioniswrittenas
.follows=
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whereγdenotesthepriceperunitofself-protectingactivity,Ifthe
,exportingfirlnmaximizestheexpectedutilityofprQfit ,thenth60pt聾
mizationproblθmis、describedasfollows:
Maxy・(あ 夕,");E%(π)=[1一 φ(勿)-2]・%(π1)+[φ ω) ,+λ]・4(π2),x,y,"
.・ blectt・0≦ ω ・・dO≦ ツ ≦ ク・・!(3)
3,BoundaryConditions
Supposethatthefirmproducessomeoutput。Weareinterestedinthe
boundaryconditionsforself-protectionandthedernandforinsurance
coverage.
First,wbinvestigate七heconditionsunderwhichtheexportingfirm
chdosesnoinsurancecoverage.Differentiatingtheoblectivefunction(3)
twicewithrespecttoyyields"
レFア篇 一 σ[1一 φ(勿)一 λ]%i+(1-4)[φ(ω)+λ]z6を,(4)1
yア ン;42〔1一 φ(ω)一,～]勿r+(1「く7)2[φ(ω)+λ]π 寄く0,(5)
wherez6ξandz6'arez6'(π ゴ)andz6ノ(π ∫),respectivθly.Since七heobjective
functionisconcavewithrespectto夕,thenecessaryandsufficient
conditionforthefirmtochoosenoinsurancecoveragerequiresthefirst
partialderivativeevaluatedatニソ=Otobenon-positive,thatis,
y・ し.。 〒 一 σ[1一 φ(ω)一 λ]・'(・ ・)+(174)〔 φ(ω)+λ]・'(・ ・)≦Q,(6)
　 　
whereπ3isρ κ 一/(の 一6-rzoandπ4'is-/(κ)一 ∂-rω.
S・!・i・g(6)f・ ・σ・yi・1d・
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[φ(ω)+λ]踊 ≦
σ.・(7)[1一φω λ]碗+[φ(ω)+λ]%乙
Letθdenotethelefレhandsideof(7).Theexpressionθis・thehighest噛
value.foガtheprelhium・r琶te.,which・cah・induce噛thefirmtopurchase
insurance.Wearenowinterestedinhowthevalueofθisaffec七edby
changesintheamountofself-pro七ection.Differentiatingθwithrespect
toω91ves
4θ 卿 顧 φ'+[φ(ω)+λ コ[1一 φ@)一 λ]r〔R(π 、)-R(π ・)]}
4ω{〔1一 φ(ω)一 λ〕碗+[φ@)+λ]謝2
whereR-一 ・・n・tes、th・Arr・w-P・attm・a・u・e…b・ ・1・・er・ ・kavers・ ・n・'
Sinceπ4く π3fitfollowsthatjl～(π3)<R(π4)undertheusualassumption
詔
ofdecreasingabsoluteriskaversion.Thus,thesignofisambiguOus。 .4ω
Inthespecialcaseofconsta!1tabsoluteriskaversion,itisstrictly
negative,whichmeansthatthelikelihoodofcondition(7)beingsatisfied
increasesastheamountofself-protectioninereases.Inthiscase,one
mightsaythatself-protgctiona狙dthedemandforinsurancecoveragearε
substitutesinthesenseth毎talargeramountofself-protectionreducedthe
likelihoodofpurchasingsomeamountofinsurancecoverage.However,
、
4θunde
rtheassump七ionofdecreasingabsoluteriskaversion,thesignof14勿
canbepositive.、lnsurancepurchaseandself-protectionmightincreasethe
likelihoodforthef重rmtopurchasesomeinsurancecovlerage.
Similarly,thenecessary3益dsufficientconditionforfullcoverageis
thefirstderivativeevaluatedatツ=ρ欝isnon-negative:
y・ レ 吻 島[φ ω+λ 一 小 ・'(・ ・)≧o・ .
'
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whereπ5=(1一 σ)加7-∫(∬)一 ∂-rω.Since%'>0,theconditionisreduced
,tothefollowing:
φ(ZO)+λ 初..・ .(8)「
Condヰtion(8)issirnilartotheonestudiedinFunatsu;thatis,thefirm
takesfullcoverageifandonlyifthepremiumisfairormorethanfair.
However,七he.probabilityoftotallosshereisafuncti釦ofself-protec七ion,
whileintheprevig戸sanalysisitwascompletelyexogenous,Therefore,
whetherthepremiumisfairornotdependsinpartonthefirm's
choiceQfω.WecancQnsidertwopolarcases.If七heexogenousセiskえ.is
greatθrthanα,conditionで8)holdsirrespectiveofthelevelofself-
protection.Therefore,λ 〉 σisasufficientconditionforthefirmto
purchasefullcoverage.Ontheotherhalld,ifφ(0)+λ く σ,thenthefirm
・・verp・rch・ ・esf・llρ ・verag・ ・Th・ ・,φ(0)+λ ≧ σi・anecessa・y…diti・n
forfullcoverage.
Next、weinvestigatetheconditionforn6self-protection.Differen-
tiatingtheobjectivefunction(3)partiallywithrespecttoωyields
y即=φ'(%2一 衝)-r{[1一 φ(z〃)一 ツ]〃{一[φ(勿)+ニ ソ]〃 壱},・(9)
γ。。=一 φ"(彿 「 彿2)+2rφ'(嘱 一 πを)+r2{〔1一 φ(ω)一 ッ]婿+[φ ω+λ]拐 琶},
(10)
where鈎is駕(π ゴ).The`secQndpartialderivativeisnotnecessarily
negative.Assumethatthemagni七udesofthenegativetermsdominate
thatofthepositiveterm,whichguaranteesthatγ ω砂く0,andtheneces-
saryandsufficientconditionfornoself-protectionlsasfollows:
y・}　 。`
.}φ'(0)'(・ ・一 ・・)嘱+・(φ(0)・ λ)(・ ξ一 ・6)≦ ・・(11)
whereπ5=ρ κ一 ノ(κ)一 西一4夕andπ6=ッー∫(劣)一 ∂'-4ッ. .
22477診 θEboπom`c・Re!ノ`θ ω
'Solving(11)for7yields ・ ・
,一 φ'(0)●("・ 一 ・・)〈r』(11')
嘱 一(φ(0)+λ)(嘱 一 π6)
Theassumptionsofパ>Oand%"<Oimplythat%5>%6,and嘱 く%ξsince、
π6<π5.Thereforetheleft-hand-sideof(11")isalwaysapositivenumber.
Ifthefirmpurchasesfullcoverage,i.e.,ア=加,thenπ5=π6軍(1一 σ)加 一
/(κ)一 ∂,inwhichcasetheleft-hand-sideof(11')iszero.Thus,the
conditionfornoself-protectionisalwayssatisfied.Theabovediscussion
canbesummarizedinthefollowingproposition..
Propos薦oπ1.Ifthepremiumrateofexportcreditinsufanceisless
thantheexogenousrisk,thefirmchoosesfullcoverageapdnoself一
かrotection.
・ThepropQsitionillustrat宇stheextremecaseofmoralhazard .WithQut
theavailabilityofexportcredit重nsurance,itwouldbeoptimalforthe
firmtoengageinsomeself-protectiveactivitiθs.・Butthepresenceof
exportcreditinsuranceatalowpremiumrate`worksasadisincensivefor
.takingself-protection.Thepointhasasignificantimplicationforthe・
・operationofanexportereditinsuranceprogram .』Inordertopromote
exports,thegovernmentagencymustsetthepremiumrateaslowas
possible.Iftheagencyunderestimatesthenegativesldeeffectofthe'
inshranceintheformofareducedself-protection,itmightincuran
unexpecteddeficitintheaccountofexportcreditinsurance.,
4.TheSeparationPropertyandComparativeStatics .
1粋theabsenceofnioralhazard,theauthor'searlierpaperhasshown
thatthefirm'sproductiondecisionissθparatedfromtheriskmanage-
mentwhenexportcreditinsuranceisavai正ablewiththeproportiona1
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reimbursementmethQd,ThissectioninvestigateswhetherthisseparatiQn
propertystillholdsinthemodelwithself-protectionandalsoconducts
ρomparativestaticanalyseson.thevariousparametersinthemode1.
Iftheobjectivefunctionin(3)hasaregularinteriormaximum,the
first-orderconditionsarewrittenasfollows:,
ユ
γ竃=[1一 φ(ω)一 λ]πi(ヵ 一∫')一[φ(ω)十 λ]π 至プ'二 〇,(12)
yン=一 己7[1一 φ(ω)一 λ]z6i一 ト(1-4)[φ(zo)+λコz6を=0,'、(13)
yω;φ'(%2一%1)-r{[1一 φ(ω)二 λ]z61+[φ(ω)+λ]z6を};0.(14)
Thesecond-orderconditionscanbestatedasfollows:
匹 。yηy耀
γ塀 γル 『
yτ ∬<O,>Q,yッ%γyyi!ッ ω<0.(15)
γア∫ レ〃
賜 ∬yめ1/拶 ω
Inthecaseofriskneutrality,boththe2×2and3×3determinantsare
alwayspositiv6,sothataninteriormaximumdoesnotexi6t.Even、under
theassumptionofrisk琴versionthe3×3determinantmaybepositive.
However,theconditionsin(15)areassumedto「besatisfied。　 　
Nowtheproductiondecis三〇nisshow皿 七〇beindeedseparatedfromthe
riskmanagementinthismodeL'
From(13),,
σ[レ φ(ω)一 λ1嘱'(13')[φ(ω)+λ遍;
1一 σ'
・・nce[1一 φ(ω1一)ナ λ]〃1・ ・p・ ・… 祀 ・ ・ub・t・・・…g(13')・ …(12)m・ …m・1・
(1-g)≠)一 ∫'箒0.(17)
Theexp士essionin(17)isexactlythesameastheonederivedinFunatsu
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(1985)inwhichexportcreditinsuranceisavailablewitりtheproportional
paymehtmethod.TheprQducti6ndecisionisclearlyseparatedfromthe
riskmanagement.Theoptimallevelofexportisindependentofthe
attitudetowardrisk,theprobabilityoftotalloss,pricesofinsuranceand
self-protection,andthefixedcosts.Onemustalsono七ethatthelevelof
,exportislargerasthepremiumratebθcomeslower.Thegovernment
agencycanpromoteexportsbyreducingthepre瑚iumrate.
Next,letusconductcomparativ6static耳nalyseswithrespectto
variousparametersinthemodel.From(17),itisquiteobviousthatthe
optimallevelofexportisnegativelyrelatedtothelevelofthepremium
rateandpositivelyrelatedtothecommodityprice.Theotherpararneters
ofthemodeldonotaffecttheoptimallevelofexport.Therefore,our
maintaskistofindouttheeffectofasmallchangeineachparameteron
theoptilnallevelofself-protectionandtheoptimalamountofinsurance
coverage」
Solve(17)fortheoptimalvalueofκ;
κ=g∫(か,σ),誘>0,and縛 く0, ,(18)
where蔀denbtesthepartialderivativewithrespecttoparameterガ,
ゴ=ρ,σ,ゐ,r,λ.Substitutingtheoptimalvalueofコ3into(13)and(14)
solvesfortheoptimalvaluesofツandzo.Theyareexpressedasfunctions
oftheparametersofthemodelasfollows:
二V=～9・ア(∂,r,λ,」 ウ,(7),.(19)
ω 一 ゲ(ろ,パ λ,か,の.(20)
Write(13)and(14)inthereducedformasfollows:
γア(κ,ニ ソ,ω;∂,r,λ,ρ,(1)=等0,1(13')
γω(κ,二y,ω;6,r,λ,ヵ,く7)=0.(14')
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Substituting<18),(ユ9),and(20)into(13')and(147)yields
y夕[g劣(・),gy〈 ●),gω(●);6,r,λ,ρ,(7〕=0(13π)
y・ 〔9∬(・)謝(・)ズ(・)・ δ,・,砲4コ ーol(14")
Fε3じθ(1{死)Sむ8,
Diff6rentiating(13")and(14")withresbecttoわobtainsthe
followingsystemofequations:
[ll影 二1][露]一[=1二1]・・(21)
Fromthesecond-orderconditions,γyン<0,y砂 ω 〈0,andD=y〃1/ω ω
一y
卿 レ砂ア>0.γ 卿isexplicitlywrittellasfQllows:
γッω=砿 〃y=φ7[4z4f十(1-(7)碗]十r{σ 〔1一 φ(ω)ヨ λ]%f
(22)
・ 一(1一 σ)[φ(ω)十 λ]z4芽}.
From(13),
ほロ
(1-4)[φ ω+λ]-4[1一φ(ω)一 λ]町.(13')π2
Substituting(13')into(22)yieldsl
yyω=yω ン=φ'〔4z6{+(1一 の 碗]+rσ[1一 φ(ω)一 λ]%i(R2-R1),〈 零2')
whereRdenotestheArrow-Prattmeasureofabsoluteriskaversion.In
thespecialcaseofconstantabsoluteriskaversion,thesecondtermofthe
right-handsidein(22')iszero,sothatthesigflofFア 紗isnegative.In
general,undertheusualassumptionofdecreasingabsoluteriskaverSion,
thesignisambiguousbecauseπ2>π1impliesthatthesecond`termin
(22')ispositive.
Inconsumertheory,oneoftheusualdefinitionsofsubsitutabilityor
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complementarityoftwocommoditiesisgivenbythesignofthecross
substitutiontermoftheSlutskyequation.Sinceinsuranceandself-
protectionaredifferentfromordinarycommoditiesinthe「sensethatboth
ofthemserveasadevicefordealingwithanuncertainsituation,it唾ll
bejustifiabletointroducethefollowingdefinition.,
1)頃 πε麗07z1.(a)Ifじ!y砂 ≦0,「theninsurance・covθrageandself-
protectionareweakstochasticsubstitutes.(b)Ifγ卿>0,theninsurance
coverageandself-protectionarestochasticcomplements.
Theterminologyofstochasticsubstitutes(orcofnplements)wasused
byHiebert(1983)inthecontextofproductionuncertainty.Definitionl
playsan、importantroleinthedeterminationofthecomparativestatic
results.
Differentiating(13)and(14)withrespecttob,andusing(13'),
yア 西andy励areexplicitlywrittenasfollows:
,・ 「γ・あ=σ[1一 φ(ω)一 λ]%f-(1一 の[φ ω+イ]%51(23)
=(7〔1一 φ(ω)一 λ]%{(1～2-1～1),
γω西=φ'(z6{-z嬉)+r{[1一 φ(ω)一 λ]%f+[φ(勿)+λ]z65}.(24),
Thesignofyア うispositiveundertheassumptionofdecreasingabsolute
riskaversion,whilethesignofγ 躍ウisambiguousingeneraLHowever,if
thefirmpurchasesapamountofinsurancecoverage。whichisclosetototal
sales「(whichmightusuallybethecase),thenthedifferencebetween
%iand碗willberelativelysmall,sotheeff6ctofthesecgndtermin
(24)willbedominant.Wewillas6umethatγ 励isnegative.
S・1・ ・(21)f・ 瑠 ・ndgガ,・hd
鋸一去(wガw-),(25)
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甜 一去(脇 ・一・"・。・).・(26)
Ifthesignofγy.isnega七ive,determinatereshlt弓areObtainedasstated
inthefollowingProposition.
粋 卿 ・肋 ・ ,2・Ifi・ …ancec・v・・ag・a・d・e正f-P・ ・tecti・ ρarew・ak
stochastic'subs㌻itutes,thenanincreaseinfixedcostsincreasestheoptimal
amountofinsurancecoverageandred"cestheoptimallevelQfself-
protectlon.
PrεCθ0∫Sθ びPro`θ0ε ε0η
Differentiating(13")and(14")withresppctto7,wehavethe
followingsystemofequations=
[γ〃 γッ〃ωy ωω][劉 一[二;二]・(27)
Differθntiating(13)and(14)withrespecttoグ,andusing(13'),wehave
γア.一勿{4[1一 φω)一 λ]曜 一(ユ ー4)[φ(ω)づ ・λ]%多}
(28)
=吻[1一 φ(ω)一 λ]噺(R2-R1),
y。.一 φ'ω幡 一 碗)一[1一 φ(ω)一 λ搦 山[φ(ω)+λ 協(29)
+rω[1一 φ(ω)一 λ]班+rω[φ(ω)+λ]碗.
UndertheassumptionofdecreasingabsoluteriskaversiQn,Vy7>0.
Afterrearra血gingsomeoftheterms,wecanre宙rite(29)asfollows:
γ獅;φ'・ ω ・所 一[φ ω)・(1一 ε")+λ]碗 一 〔1一 φ(ω)一 λ抽1
+rω[1一 φ(ω)一 λ]πr+rω[φ(ω)+λ 〕鰯,
・here・ ・一 一・'景w… 耳 ・・theel・ ・t…ty…heend…n・usr・・k…h
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respecttoself-protection.Ifε"〈1,thenthesignofγ"7isunambiguously
negatlve.
Solving(27)for8/andg汐yields「'
1
9ノ=万(γ"7γ ンω一 γン営y聞
(鮨)(一)(+)(一))・
1」
9栃(玲 アγ∬-y〃.γ"7
(一)(+)(一)(一))・'
Theconditiohγ ンψ<Oimpiiesthat9ノ>Oandgノ<0,andthefollowing
propositionhas.beenestablished・ ・
'合
qρosε ε`oπ3.正finsurancecoverageandself-proteρtionareweak
stochasticsubstitutes,thenanincreaseinthepriceofself-protection
increasestheoptimalamountofinsurancecoverage,andreducest耳e
"
optimallevelofself-protection,providedthatεω≦1.
Inthiscase,substitutabilityaccordingtoDefinitionlimpliesthat
insuranceisagrosssubstituteforself-protectionaccordingtotheusual
definitioninconsumertheory.However,ifinsuranceandself-protection
arest()chasticco皿Plements,thesignsOf9/and9ヲareambiguousin
general.Therefore,thereisnoone-to-onerelationbetweenDefinition1.
andtheconventionaldefinition.・ 、
翫09θ 加 ひsR`Sん
Differentiating(13")and(14っwithrespecttoλobtainsthefollowing
systernofequations:
'[;説 北1]
一[;二]・(・ ・)
Fromtheoriginalexpressioρsin(13)and(i4),
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yンλ=9嘱+(1-4)碗>0,
y"λ;r("π1π2)<0.
Solving(30)forg/andg望・wehave
lF『
9ノ=万(y盟 λy吻 一yア ォγ〃〃
(一)(一)(+)(一))・'
1
97=万(γ 靭yア え一y〃y姐
(一)(÷)(一)(一))・
Theconditionレ 卿<Oimpliesthatgノ>Oandg望 く0・andthefollowing
propositionhasbeenestablished.
Propos記 εoπ4.Ifinsurancecoverageandself-protectionareweak
stochasticsubstitutes,anincreaseintheexogenousrisk.increasesthe
optimalamountof三nsurancecoverageandreducestheoptimallevelfor
self-protection.,
Thisresultisconsistentwiもhourintuition.Ifthereisanincreasein
thepoliticalrisksuchaswar,coupd'etat,ornationalizationwhichan
exportingfirmcannotcontrol,thefirmwillincreasetheinsurance
coverage,andreducetheexpenditureonself-prOtection.However,Qne
must士ernemberthatthisresultalsodependsonstochasticsub6titutability
betweehinsuranceandself-protection.Iftheyarecomplements,aperverse
casemightarise.
艶eCbmπ30砒yPrεcθ
Differentiating(13")and(14")withrespecttoρobtainsthefollowing
SアStemOfeqUatiOnSl
[烈 二北IH綴llll](31)
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Differentiaもing.(13)and(14),γ ア∫,γ 鵬,yッ ρandγ ωρcanbeexplicitly
writtenasfo110ws:
y,声 一4〔1一 φ(の 二 λ](カ ー ア')%f-(1一 の[φ(ω)+λ]/'%ε>0,(32)
,γωκ=一 φ'(ρ 一 ∫')πi一 φ'∫'ε4砦一r〔1一 φ(ω)一 λ](ρ 一 ∫')%f(
33)
+r[φ(ω)「+λ]∫'妨,
γンρ=一(1[1一 φ(ω)一 λ]%fκ>0,(34)
γ・・一 一φ'・1・ 「 ・[1一 φ(ω)一 λ]〃r・>0・ 幽(35)
Thθsignofy"∫isindeterminateingenera1.Thefirstthreetermson
theright-handsideof(33)arepositive,andthelasttermisnegative.
Wewillassumethatthepgsitivetermsalwaysdominatethenegative
terms.
S・1・i・g(31)fo「g罫 ・・吻 夢yirld・
・3一ち[(γ 雛95+γ 妙
(÷)(+)(+))… 一(・{縮 ・・鯉 、
暢 〔・護鈴)・ 　 (γ妙95+γ 吻)γ 〃(+)(+)(+)(一)]・'
Ifinsurancecoverageandself-protectionarestochasticsubstitutes,
thesignsof9ぎandg汐areindeterminate.However,iftheyarestochastic
・・mp1・m・ 塾t・・b・th・fth・ 甲arep・ ・iti…Ifi・ ・u・anceandself-P・ ・tection
areoombinedtoserveforthesamepurpose,thedemandsfQrboth
insuranceandself-protectio血increaseasaresultofariseinthecommodity
price.
コrワzθ1苧θητ`μητ1ぞαεθ
Differentiating(13")and(14'})withrespecttoσobtainsthefollowing
systemofequations:・ ・
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Differentiating(13)and
follows:
一 γ
・・95
一γ倣 需
(14), /yσ
1謝 ・
溜
(36)
andレ 脚σcanbeexplicitlアwrittenas
y,r-[1一 φω 一 λ]π 卜[φ(ω)+λ]妨
+ッ{σ 〔1一 φω)一 λ]π 卜(1一 σ)[φ(ω)+λ]π5},
y鱒 掌 夕{φ'(朗 一%壱)+r[(1一 φ(ω)一 λ)%f+'(φ ω)+λ)%5]}.
AsitwasdoneinEquatiQn(22),wecanrewrite(37)asfollows!
yン σニ ー[1一 φ(ω)一 λ]呵 一[φ(ω)+λ]%
+鐙[1一 φ(ω)一 λ]%i(R2-Rユ),
Un
ispositivewhilethefirsttwotermsarenegative.
canber6gardedasthepriceeffectandth6thir
Itwillbeassumedthatthepriceeffe6tdominatesthe宙ealth
lsnegat1Vθ.
From(24),wecanwriteγ ωσニ ッy励.Thesignofγ 吻
thatofIF励whichwasassqmedtobenegativebefore.
S・1・ig9(36)f・ ・g3・ ・d'97・bゆ ・
(3マ)
(38)
(37')
dertheassumptionofdecreasingabsoluteriskaversion,thethirdterm
Thefirsttwotβrms
d・termasthewealtheffect.
effect,soγ ッσ
isthesarneas
1唱
gJ=万[(y・ 嬬+y・,.)yヅ(賑8」+γ 。,)γ_],
(+)(一)(一)(・)(一 〉( 一)(一)
1
9卜 万[(γ ・・95+㌦)砺 ジ 〈γ・・9夢 ・ γ・・)γ 〃].
、(+)(・)(一)(・)(一)(-!(一)チ
Onceagain,resultsareambiguousifinsurancecoverageandsθ1f-
protectionarestochasticsubstitutes.Iftheyarestoch孕sticcomplements,
weobtainthatgずく0・andg『<Owhichirnpliesthatinsurancecoverage
andself-protectionaregrosscomplementsaccordingtotheconventional
●
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definitiollinconsumertheory. 、
　
5.Summary
Thispaperhasstudiedtheroleofexportcreditinsuranceinamodel
inwhichtheself-protectingeffortbytheexportingfirm,suchasmarket
research,℃anreducetheprobabilityofs31eslossintheforeignmarket.
Inasimplifiedsettingoftkenatureofuncertainty(i.e.,weassumed
th・t・hlytw・
.st孕tes・fth・w・ ・ldarep・ssibl・;・ithe「n・1・ss・ ・total
loss),itwasshownthatexportcreditinsurancecanstillseparatethe
firm'sproductiondecisionfromtheriskmanagementandthedecisionon
self-protection.
It.wasalsodemonstratedthatthegovernmentagencycanpromotethe
levelofexportbyquotingarelativelylowpremiumrate.However,a
lowerpremiumratetendstoinducetheexportingfirmtopurchasefull
coverageandnottoengageinself-protectionat ,al1.Oneextremecas曾.
occurswhenthepremiumratei串lowerthantheexogenousriskwhichis
definedastheriskthatself-protectioncannQteliminate.Inthiscase,the
firmneverengageslnself-protection.Therefore,thereexistsapr6blemof
moralbazard..Theintroductionofexportcreditinsurancewithalow
premiumratewouldreducethefirm'sincentiveforself-protection.
Comparativestaticanalyseswereconductedwithrespecttovarious
parametersinthe皿ode1.Inordertoobtaindeterminateresults,thispaper
hadtointroduceadefirlitionofsubstitutabilitybetweeninsurancecoverage
andself-protection.whichisslightlydifferentfromtheconventional
definitioninconsumertheory.Itturnsoutthatinsurancecoverageand
self-protectioncouldalsobecomplementsintheconventionalsenseinsofar
asanipcreaseinthepriceofinsurancecovera琴emightreducethedemand
for.self-protectionandviceversa.Theresultconfirmstheassertionby
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EhlichandBeckerthatmarketinsuranceandself-protectioncouldbe
complements.Theeffectofanincreaseinfixedcostsorexogenousrisk
hasthesameimpactQntheoptimallevelofself-protection.Itislikely
toincreasethedemandfor'insurancelandreducetheself-protecting
act1Vltles.
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